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COMPARATIVE ELECTROPHORETIC PATTERNS OF LACTASE
DEHYDROGENASE AND MALATE DEHYDROGENASE IN
FIVE LAKE VICTORIA CICHLID SPECIES
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East African Freshwater Fisheries Research Organi=afion
P.O. Box 343, Jinja, Uganda
INTRODUCTION
Biochemical techniques designed to com-
pare species on the basis of protein differences
were started by NUTTALL (1904) who used
immunological methods to compare the
ierujll of humans with that of other primates.
Since then more refined techniques have led
to better results at the protein level in
taxonomy, The analyses of proteins are
considered to be the simplest indirect
approach to understanding the structure and
function of the genetic material, deoxyribo-
nucleic acid (DNA). Interest in these analyses
arises because of the close relationship
between protein structure and gene structure.
Thus by comparing the properties of homo-
logous proteins from different taxa one is in
essence comparins their genes (GORMAN
er al., 1971). It is now an established fact
that genetic information coded in molecules
of DNA is translated through a series of
reactions in the structure of proteins which
form the principal morphological units of
the animal body at the molecular level of
organization (SIBLEY, 1952).
A convenient method of comparing mole-
cular differences between species is to measure
the electrophoretic mobility of proteins in
a starch gel medium (ASPINWALL and
TSUYUKI, 1968) or acrylamide gel (RAY-
MOND and WEINTRAUB, 1959; BOUCK
and BALL, 1968). Proteins with enzymatic
properties can be compared on the basis of
catalytic activity in the presence or absence
of inhibitors (KAPLAN et al., 1959);
BAILEY et al., t 970). A combination of gel
electrophoresis and histochemical enzyme
detection techniques (HUNTER and
MARKERT, 1957) makes it possible to
combine electrophoretic mobility anti
catalytic activity eomparison,
Enzyme patterns exhibited in starch gel
or acrylamide gel have been used to cla~sify
different species. BOUCK and BALL (1968)
working with lactate dehydrogenase in
species of Trout found that· each Trout
species had LDH pattern characterbtic of
that species. ASPINIWALL and TSUYUKI
(1968) used muscle protein electrophoretic
patterns to identify hybrid fishes. TSUYUKI
and ROBERTS (1963) and TSUYUKI
et al. (1964-65) found that myogen protein
patterns in fishes were species specific.
The myogen patterns within one family
were remarkably parallel with the existing
morphometric classification and these
patterns constituted a single criterion by
which the fishes could be identified.
MATERIALS AND METHODS
The fish used in these investigations were
collected from shallow waters (10 metres)
of Lake Victoria in two areas, Jinja and
Kisumu, using gillnets and beach-seines.
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p l a t m u m e l e c t r o d e s . E i g h t l a y e r s o f f o l d e d
f i l t e r p a p e r w e r e u s e d t o e s t a b l i s h c o n t a c t
b e t w e e n t h e g e l a n d t h e e l e c t r o d e b u f f e r
i n t h e t r a y . T h i s s e t u p w a s t h e n p l a c e d i n a
r e f r i g e r a t o r a t 4 ° C a n d c o n n e c t e d w i t h a
p o w e r s u p p l y . T h e s a m p l e s w e r e r u n o n t h e
g e l a t p H 8 . 4 a n d a v o l t a g e o f 3 0 0 v o l t s f o r
6 , 9 a n d 1 4 h o u r s .
A f t e r t h e r u n w a s c o m p l e t e d , t h e f i l t e r
p a p e r p i e c e s t h a t i n t r o d u e e d t h e e n z y m e
e x t r a c t i n t o t h e g e l w e r e r e m o v e d a n d t h e g e l
s l i c e d i n t o t w o s l a b s e a c h o f w h i d l w a s
a s s a y e d f o r d i f f e r e n t e n x y m e .
S T A I N I N G T E C H N I Q U E : T h e s t a i n i n g
p r o c e d u r e w a s . a s f o l l o w s : L D H s t a i n i n g
r e a g e n t c o n t a i n e d ( 1 0 m l o f 2 . 0 M ) N a -
L - I a c t a t e ( 0 . 3 m l o f 1 0 m g ) N i c o t i n a m i d e -
a d e n i n e d i n u c l e o t i d e ( N A D ) , ( 1 . 0 m l o f
2 0 m g ) N i t r o b l u e t e t r a z o l i u m ( N B T ) ( 2 0 m l )
T r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e - g l y c i n e
b u f f e r . A f t e r i n c u b a t i n g t h e g e l a t 3 7 ' C
i n t h e a h o v e r e a g e n t f o r I h o u r ( 0 . 3 m l o f
5 m g ) p h e n a z i n e m e t h o s u l p h a t e ( P M S )
w a s a d d e d . S t a i n i n g o f t h e g e l w a s a l l o w e d
t o p r o c e e d i n t o t a l d a r k n e s s . M D H w a s
d e t e c t e d w i t h t h e s a m e r e a g e n t a s L D H
e x c e p t t h a t ( 2 . 0 M ) N a - L - m a l a t e w a s
s u b s t i t u t e d f o r t h e l a c t i c a c i d a n d ( 2 m l
o f 2 0 m g ) N B T a n d ( 0 . 5 ) P M S w e r c u s e d .
G E L F I X A T I O N : A f t e r t h e e n z y m e b a n d s
a p p e a r , t h e r e a c t i o n i s s t o p p e d b y w a s h i n g
t h e g e l w i t h t h e w a t e r a n d a d d i n g f i x a t i v e
s o l u t i o n : 4 5 p a r t s m e t h a n o l t o 5 5 p a r t s
a c e t i c a c i d s o l u t i o n ( g l a c i a l a c e t i c a c i d
s o l u t i o n d i l u t e d 1 : 5 i n w a t e r ) , ( A Y A L A
e t a I . , 1 9 7 2 ) . T h e s t a i n e d g e l s w e r e p h o t o -
g r a p h e d b y r e f l e c t e d a n d t r a n s m i t t e d l i g h t .
R E S U L T S A N D D I S C U S S I O N
L D H h a s b e e n s t u d I e d b o t h b i o c h e m i c a l l y
a n d g e n e t i c a l l y . I t i s s t a b l e , a b u n d a n t ,
s t r o n g l y a n t i g e n i c a n d e a s i l y p u r i f i e d . F o r
t h e s e r e a s o n s L D H h a s b e e n u s e d e x t e n s i v e l y
i n s y s t e m a t i c s a n d e v o l u t i o n a r y ~tudies
( B O U C K a n d B A L L , 1 9 6 8 ; G O R M A N
e t a l . , 1 9 7 1 ; C O R B I N e l a l . m a n u s c r i p t ) .
T h e s t u d y i n c l u d e d t e n s p e c i m e n s o f e a c h o f
t h e f o l l o w i n g s p e c I e s : ( l ) H a p l o c h r o m i s
m i c h a e l i ( 2 ) H a p l o e h r o m i s o b e m s ( 3 ) A s t a t o r -
e o c h r o m i s u l l u a u d i ( 4 ) T i l a p i a z i l l i i a n d
( 5 ) T i l a p i a n i l o t i e a .
E N Z Y M E E X T R A C T I O N ; L D H a n d
M D H e x t r a c t s w e r e p r e p a r e d a s f o l l o w s :
F r o m e a c h f i s h s p e c i m e n a n e y e w a s c a r c f u l l y
e x t r a c t e d a n d t h e n c u t u p i n t o s m a l l p a r t s
o n a p o l y t h e n e s h e e t . T h e e y e p I e c e s w e r e
p l a c e d i n a t e s t - t u b e a n d 3 d r o p s o f p h e n o -
x y e t h a n o l s o l u t i o n a d d e d . A f t e r a b o u t 1 2
h o u r s , a t 4 ° C , m o s t o f t h e L D H a n d M D H
h a d l e a k e > ! o u t o f t h e t i s s u e i n t o t h e s u r -
r o u n d i n g f l u i d . P h e n o x y e t h a n o l i s t h u s
u s e f u l n o t o n l y a s a p r e s e r v a t i v e ( N A K A -
N I S H I e t a I . , 1 9 6 9 ) b u t a l s o a s a n e x t r a c t i n g
a g e n t .
P h e n o x y e t h a n o J s o l u t i o n w a s p r e p a r e d
f r o m ( 0 . 2 5 A t ) s u c r o s e ( 1 M ) P o t a s s i u m
d i h y d r o g c n p h o s p h a t e , ( I M ) P o t a s s i u m
h y d r o g e n p h o s p h a t e ( 1 5 m l ) P h e n o x y e t h a n o l
a n d ( I l i t r e ) d i s t i l l e d w a t c r .
B U F F E R S Y S T E M : T h e p H 8 . 4 b u f f e r
s y s t e m ' w a s c o m p o s e d o f ( 0 . 0 4 M ) T n s
( h y d r o x y m e t h y l ) a m i n o m e t h a n e a n d ( 0 . 2 9 M )
G l y c i n e ( a m i n o - a c e t i c a c i d ) i n ( I l i t r e )
w a t e r .
S T A R C H G E L : E i g h t e e n p e r c e n t s t a r c h
g e l w a s p r e p a r e d f r o m ( 5 0 . 5 g m ) s t a r c h a n d
( 2 7 5 m l ) T r i s ( h y d r o x y m e t h y l ) a m i n o -
m e t h a n e g l y c i n e b u f f e r . U s i n g a v a c u u m
p u m p t h e a i r b u b b l e s c o n f i n e d i n t h e b o d y o f
t h e b o i l i n g s t a r c h w e r e r e m o v e d a n d t h e
b o i l i n g s t a r c h w a s a c c o m m o d a t e d i n a g e l
t r a y ( 2 8 e m x 1 0 e m ) . A f t e r c o o l i n g t h e g e l
t o p w a s l e v e l l e d u s i n g a h o r i z o n t a l l y s t r e t c h e d
s i l v e r w i r e .
I n t r o d u c t i o n o f t h e e n z y m e e x t r a c t i n t o
t h e g e l w a s d o n e b y s o a k i n g r e c t a n g u l a r
f i l t e r p a p e r p i e c e s ( 6 m m , 5 m m ) i n t o t h e
e n z y m e e x t r a c t a n d t h e n i n s e r t i n g e a c h p i e c e
i n t o a v e r y n a r r o w s l i t . A c o l u m n o f s l i t s
w a s m a d e a t a b o u t 5 c m f r o m t h e e d g e o f
t h e g e l . T h e g e l w a s p l a c e d h o r i z o n t a l l y
o v e r a t w o - c h a m b e r b u f f e r t r a y c o n t a i n i n g
t .
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Laclale dehydrogenase (LBD) ~al(Hn, in five sj,:ccies of cicblids. (A) Tilapia lIilorica (B) Tilapia zillii
(C) AslalOreochromis alluaudi, (D) Haploehromis obesus and (E) Haplochromis michaeli, using starch,
gel electrophoresis. (Run al 300 volts for 14 hours).
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Fig. /.
Fig. 2 Lactale dehydrogenase (LHD) pallerns in five species of cichlids. (A) Tilapia lIilolica. (B) Ttlapia zil/ii.
(C) ASI(lloreochrOllii~ alluaudi. (D) Hoploe/rrOIll/S OiJesl.ls. and (E) Heploehromis miehaeli, uSing starch
gel eleclrophoresis. (Run at 300 volts for 6 bours).
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F i g . 3 . S p e c i e s s p e c i f i c M a l a t e d e h y d r o g e n a s e ( M D H ) i n f i v e s p e c i e s o f c i c h l i d s . ( A ) T i l a p i a i l i l o l i e a ,
( B ) T i l a p i a ; : i f l i i , ( C ) A s t a l o r e o c h r o m i s a f f u a u d i , ( D ) H a p f o c h r o m i s o b e s u s a n d ( E ) H a p l o c h r o l 7 l i . \
m i c h a e f i , u s i n g s t a r c h g e l e l e c l r o p h o r e s i s .
N o l e : O n l y M D H
1
i s v i s i b l e . ( R u n a t 3 0 0 v o l t s f o r 1 4 h o u r s ) .
M A R K E R T ( 1 9 6 8 )
o r L O H i n d i f 1 ' e r e j ,
e l u d i n g L O M i n '
L O R a r e ti~sue s p e c
\ . 9 6 1 \ ; M A R K E R T .
T h e r e s u l t i n g 1
u s i n g ~tarch g e l e l e l
F i g . I . T h e L D H P
g r o u p i s c o m p o s e d
t h e p a t t e r n i n
c h r o l 1 l i s i s COll1PO~
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F i g . 4 . S p e c i e , ~pecific m a l a t e d e h y d r o g e n a s e ( M D H ) i n f i v e s p e c i e s o f c i c h l i d s . ( A ) T i f a p i a l I i f o l i c a ,
( B ) T i l a p i a z i l f i i , ( C ) A S l a l o r e o c h r o m i s a f f u a u d i , ( D ) H a p f o c ! t r o i l l i s o ! J e s l I s , a n d H a p f o c h r o / l l i s
m i c h a e l i , u s i n g s l a r c h g e l e l e c t r o p h o r e s i s .
b o l h M D H I a n d M D H
1
a r e v i s i b l e . ( R u n a t 3 0 0 v o l t s f o r 9 hour~).
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Tri-carboxylic acid cycle or energy meta-
bolism and as such it occurs abundantly in
most cells. Biochemical analyses of this
enzyme have been carried out by many
investigators (BAILEY el al., 1970 CORBIN
et al., manuscript) who report two forms
of MOH, one is the mitochondrial MOH
and the other one supernatant MDH.
CORBIN et al., (manuscript) reporting the
work of KARIG and WILSON (1971)
say that each form is synthesized under the
control of separate genes.
The resulting MOH patterns obtained
using starch gel electrophoresis are sho\vn
in Fig. 3. All the M DH bands were anodal
showing that MDH earned a negative
charge. The number of bands and their
arrangement (pattern) differ very signifi-
cantly in the MOHj, the slower migrating
MOH. H. michaeli shows at least 4 MOH[
bands which have a characteristic pattern,
H. obesus displays one MOH2 band. A.
alluaudi has an MDH[ pattern composed
of 3 bands and the two Tilapia species have
each MDH[ band of different pattern
(especially in Fig. 3) and different electro-
phoretic mobility.
The faster migrating MOH type (MOH2)
in each of the five species is composed of one
enzyme band except in T. zillii where MDHz
shows 2 enzyme bands (FigA). This feature in
T. zillii very clearly separates it from T.
niloiica.
Electrophoretic mobilities of MDH2 in
the five species were difficult to assess due
to the tendency for side samples in the gel
to migrate faster than the middle samples.
Taking MDH[ and MDH 2 pattern together
in each species it is q'lite evident that each
species has an MDH pattern which is
characteristic of that species. Again the
pattern in each species was consistent in all
the ten specimens examined and it was
independent of sex difference and the
locality from where the speeimen collection
was made.
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MARKERT (1968) discusses the structure
of LOR in different groups of animals in-
cluding LOR in eyes of fishes. Certain
LOR are tissue specific (BOUCK and BALL,
1968; MARKERT, 1968).
The resulting LOH patterns obtained
using starch gel electrophoresis are shown in
Fig. I. The LOH pattern obtained in Tilapia
group is composed of 8 enzyme bands while
the pattern in Haplochromis-Astatoreo-
chromis is composed of 7 enzyme bands.
All the enzyme bands moved rapidly to the
anode indicating that LDH carries a strong
negative charge during electrophoresis
MARKERT, 1968). Eight enzyme band
pattern in Tilapia and seven enzyme band
pattern in Haplochromis-Astaforeochromis
were consistent in ten specimens of each
species examined. However, the number of
bands can be reduced if electrophoretic
migration is too short (Fig. 2) or if the
incubation period of the gel is short (BOUCK
and BALL, 1968). The LOR patterns were
independent of sex differences and the
locality frOffi where the specimens were
collected.
Tilapia group can be separated from
Haplochromis-Astatoreochromis using electro-
phoretic mobilities of the least migrating
LOH type, Fig. I. This LOH type in Haplo-
chromis-Astatoreochromis is faster than that
in Tiiapia, the distance migrated taken
as that from applicatio" slit to the least
migrating LOH band.
Again using electrophoretic mobilities of
the fastest migrating LOH type (LDH 1)
a distinction can be made between the two
Tilapia species. In general LOH[ in T.
nilotica is faster than that in T. oillii (Fig. 2)
though during electrophoresis there was a
tendency for side samples in the gel to
migrate faster than the middle ones. Identical
patterns and electrophoretic mobilities of
LOR make it difficult to separate H. michaeli,
H. obesus and A. alluaudi.
Like LOH, MOH is an enzyme of the
A
I.) Tilapia mWlica,
md Hap!ocltromis
B A
lids. (A) Tilapia ni/o/ica
lU and (E) Hap!ochromi;
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A s i t h a s a l r e a d y b e e n e m p h a s i z e d e a r l i e r
( T S U Y U K J e t a I . , 1 9 6 5 ) I h e u s e f u l n e s s o f
s t a r c h g e l z o n e e l e c t r o p h o r e t i c p a t t e r n s
o f a n y e n z y m e i n s p e c i e s i n d e n t i f l c a t i o n
r e q u i r e s t h a t t h e s e r e m a i n i n d e p e n d e n t o f
f a c t o r s o t h e r t h a n t e c h n i c a l w h i c h i n f l u e n c e
t h e m o b i l i t i e s o f t h e p r o t e i n l o n e s .
R E F E R E N C E S
A s p i n i w a l l , N . a n d H . T s u y u k i . 1 9 6 8 . I n h e r i t a n c e o f
m u s e l e Drotein~ i n h y b r i d s b e t w e e n t h e R e d s i d e
S h i n e r ( R i c h a r d s o n i u s b a l t e a t u s ) a n d t h e P e a -
m o u t h C h u h ( . H y l o c h e ( u s c u u r i n u m ) . J . F i s h .
R e s . B d . C a n a d a , 2 5 ( 7 ) : 1 3 1 7 - 1 3 2 2 .
A y a l a , J . F . . J . R . P o w e l l , M . L . T r a c y , C . A . M o u r a o
a n d S . P e r e : z . - S a l a s . 1 9 7 2 . E n z y m e v a r i a b i l i t y
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